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MONO-DIAMETER WELLBORE CASING 
This invenUon relates generally to a wellbore casing, and in particular to a tubular 
structure fornied using expandable tubing. 

5 

Background of the Invention 
Conventionally, when a wellbore is created, a number of casings are installed In 
the borehole to prevent collapse of the borehole wall and to prevent undesired outflow 
of dniling fluid into the formation or Inftow of fluid from the fbm«tion into the borehole 
The borehole is drilled In Intervals whereby a casing which is to be installed in a lower 
1 0 borehole Interval is lowered through a previously installed casing of an upper borehole 
inten^l. As a consequence of this procedure the casing of the lower interval is of 
smaller diameter than the casing of the upper interval. Thus, the casings are in a 
nested embodiment with casing diameters deceasing In downward direction. Cement 
annul, are provided between the outer surfaces of the casings and the borehole wall to 
seal the casings from the borehole wall. As a consequence of this nested embodiment 
a relatn^ely large borehole diameter is requlied at the upper part of the wellbore. Such 
a large borehole diameter involves increased costs due to heavy casing handling 
equipment, large drill bits and Increased volumes of drilling fluid and drill cuttings 
Moreover, increased drilling rig time is Involved due to required cement pumping 
cement hardening, required equipment changes due to large variations in hole 
diameters drilled In the course of the well, and the large volume of cuttings drilled and 
removed. 

The present invention is directed to overcoming one or more of the limitations of ' 
the existing procedures for fomiing new sections of casing in a wellbore. 

Summary of the Invention 
According to the present inventton there is provided a tubular stmcture positioned 
in a borehole within a subterranean formaUon. comprising: 
a first tubular member, and 

a second tubular member coupled to and overtapping with the first tubular 

30 member; 

wherein the second tubular member is coupled to the first tubular member by the 

process of: 

installing the second tubular member, an expansion cone, and a shoe that 
defines an interior region for containing fluidfc materials in the borehole: 
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radially expanding at least a portion of the shoe by injecting a fluidic material into 

the interior region of the shoe; and 

radially expanding at least a portion of the second tubular member by injecting a 
■ fluidic rnaterial into the borehole below the expansion cone. 
5 Preferably, the process further comprises radially expanding the expansion cone. 

Preferably, the process further comprises: 

lowering the expansion cone into the radially expanded portion of the shoe; and 
radially expanding the expansion cone. 

Preferably, the process further comprises: 
10 : radially expanding at least a portion of the shoe and the second tubular member 

by injecting a fluidic material Into the borehole below the radially expanded expansion 

cone. 

Preferably, the process further comprises: 

injecting a hardenable fluidic sealing material into an annulus between the 
1 5 second tubular menriber and the borehole. 

Preferably, the process further comprises radially expanding at least a portion of 

the first tubular nnember. 

Preferably, the process further comprises: 

overiapping a portion of the radially expanded second tubular member with a 
20 portion of the first tubular member. 

Preferably, the inside diameter of the radially expanded second tubular member 
is substantially equal to the Inside diameter of a nonoverlapping portion of the first 

tubular member. 

Preferably, the process further comprises applying an axial force to the 

25 expansion cone. 

Preferably, the inside diameter of the radially expanded shoe is greater than or 
substantially equal to the inside diameter of the radially expanded second tubular 
mennt)er. 

Brief Description of the Drawings 
30 FIG. 1 is a fragmentary aoss-sectional view illustrating the drilling of a new 

section of a well borehole. 

FIG. 2 is a fragmentary cross-sectional view illustrating the placement of an 
embodiment of an apparatus for creating a mono-diameter wellbore casing vwthin the 
new section of the well borehole of FIG. 1. 
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FIG. 2a Is a cross-sectional view of a portion of the shoe of the apparatus of 

FIG. 2. 

FIG. 2b is a cross-sectional view of another portion of the shoe of the apparatus 
of FIG. 2. 

5 FIG. 2c is a cross-sectlonal view of another portion of the shoe of the apparatus 

of FIG. 2. 

FIG. 2d Is a cross-sectlonal view of another portion of the shoe of the apparatus 
of FIG. 2. 

FIG. 2e is a cross-sectional view of a portion of the shoe of the apparatus of 
10 FIG. 2c. 
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FIG. 3 is a fragmentary aoss-sectional view illustrating the injection of ; 
hardenable fluidic sealing material through the apparatus and into the new section of 
tlie well borehole of FIG. 2. 

FIG. 3a is a cross-sectional view of a portion of the shoe of the apparatus of 

15 FIG. 3. 

FIG. 3b is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 3a. 

FIG. 4 is a fragmentary cross-sectional view illustrating the Injection of a fluidic 
material into the apparatus of FIG. 3 In order to fluldicly isolate the interior of the shoe. 
20 FIG. 4a is a cross-sectional view of a portion of the shoe of the apparatus of 

FIG. 4. 

FIG. 4b is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 4a. 

FIG. 5 is a cross-secUonal view illustrating the radial expansion of the shoe of 

25 FIG. 4. 

FIG. 6 is a cross-secfional view illustrating the lowering of the expandable 
expansion cone Into the radially expanded shoe of the apparatus of FIG. 5. 

FIG. 7 is a cross-sectional view illustrating the expansion of the expandable 
expansion cone of the apparatus of FIG. 6. 
30 FIG. 8 is a cross-sectlonal view illustrating the Injection of fluidic material into 

the radially expanded shoe of the apparatus of FIG. 7. 

FIG. 9 is a cross-sectional view illustrating the completion of the radial 
expansion of the expandable tubular member of the apparatus of FIG. 8. 
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■ FIG. 10 is a c«»s«oUonal *w illustrating the removal of the bottom portion of 

■ ? W'radially expanded shoe of the apparatus of FIG. 9. _Hu.m.i,r 
,. FlG111sacross«ctionalviewinustratinglheforrnatk.r,ofarnonOKl«nteler 

: ' wenbere casing that includes a plurality of overlapping mo«wllameter wellbore 

5 cas«98^^^ ^ ^ tegrortary cros»«cOonal vie* iltotreting the placement of an 
atemative en*odl.nentof anapparatusforcxeating ampno^lameterwellbore cas,r« 

within the \wellbore of FIG. 1. 

FIG. 12a is a cross-sectional view of a portion of the shoe of the apparatus of 

FIG. 12^^^ ^ ^ ^^3.3^^„a, view of a portion of the shoe of the apparatus of 

FIG. 12. ^ . ^. 

FIG. 12c is a cross-sectional view of another portion of the shoe of the 

apparatus of FIG. 1 2. 

15 FIG. 12d Is a cross-sedional view of another portion of the shoe of the 

apparatus of FIG. 12. 

FIG 13 is a fragmentary cross-sectional view illustrating the injection of a 
hardenable fluidic sealing material through the apparatus and into the new section of 
the well borehole of FIG. 12. 
20 FIG. 13a is a c«)SS-sectional view of a portion of the shoe of the apparatus of 

FIG 13 

FIG l4isafragmentarycross-sectionalviewillustrBtingtheinjectionofafluidic 
material Into the apparatus of FIG. 1 3 in order to fluididy isolate the Interior of the shoe. 
FIG. 14a is a aoss-seclional view of a portion of the shoe of the apparatus of 
25 FIG 14 

FIG. 15 is a cross-sectional view illustrating the radial expansion of the shoe of 

FIG. 14. . 

FIG. 16 is a cross-sectional view illustrating the lowering of the expandable 

expansion cone into the radially expanded shoe of the apparatus of FIG. 15. 
30 FIG. 17 is a cross-sectional view illustrating the expansion of the expandable 

expansion cone of the apparatus of FIG. 16. 

FIG. 18 is a cross-sectional view illustrating the injection of fluidic material into 
the radially expanded shoe of the apparatus of FIG. 17. 
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FIG. 19 Is a cross-sectional view IllustraUng the completion of the radial 
expansion of the expandable tubular member of the apparatus of FIG. 18. 

FIG. 20 is a cross-sectional view Illustrating the removal of the bottom portion of 
the radially expanded shoe of the apparatus of FIG. 1 9. 

Detailed Description of the Illustrative Embodiments 
Referring initially to FIGS. 1. 2. 2a. 2b. 2c. 2d. 2e. 3. 3a. 3b, 4. 4a. 4b. and 5- 
10. an embodiment of an apparatus and method for fomiing a monoKliameter wellbore 
casing within a subten-anean formation will now be described. As illustrated in Fig. 1. a 
wellbore 100 is positioned In a subterranean formation 105. The wellbore 100 includes 
a pre-existing cased section 1 10 having a tubular casing 115 and an annular outer 
layer 120 of a fluidic sealing material such as. for example, cement. The wellbore 100 
may be positioned in any orientation fi-om vertical to horizontal. In several alternative 
embodiments, the pre-existing cased section 1 10 does not include the annular outer 
layer 120. 

In order to extend the wellbore 100 into the subterranean fomiation 105. a drill 
string 125 is used in a well known manner to drill out material from the subterranean 
fonnation 1 05 to forni a new wellbore section 130. In a preferred embodiment, the 
inside diameter of the new wellbore section 130 is greater than the inside diameter of 
the preexisting wellbore casing 115. 

As illustrated in FIGS. 2. 2a. 2b. 2c. 2d, and 2e. an apparatus 200 for fonning a 
wellbore casing in a subterranean formation is then positioned in the new section 130 
ofthewellbore 100. The apparatus 200 preferably includes an expansion cone 205 
having a fluid passage 205a that supports a tubular member 210 that includes a lower 
portion 210a, an Intenmediate portion 210b. an upper portion 210c. and an upper end 
portion 21 Od. 

The expansion cone 205 may be any number of conventional commercially 
available expansion cones. In several alternative embodiments, the expansion cone 
205 may be controllably expandable in the radial direction, for example, as disclosed In 
U.S. patent nos. 5,348,095. and/or 6.012,523. 

The tubular member 210 may be fabricated from any number of conventional 
commercially available materials such as. for example. Oilfield Country Tubular Goods 
(OCTG). 13 chromium steel tubing/casing, or plastic tubing/casing. In a preferred 
embodiment, the tubular member 210 is fabricated from OCTG in order to maximize 
strength after expansion. In several alternative embodiments, the tubular member 210 
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,„a, be sCKl and/or Slotted. For typical tubular memt>er 210 nnaterials. length <rf 
the tubule .>»r*er 210 « preferably limited to between about 1Z2 to 6.096 m (40 to 

20,000 feet) in length. 

The tower portion 210a of the tubular men^ber 210 preferably has a larger 
insided.ameterthantheupperportion210cofthetubularmember. In a preferred 
embodiment, the wall thickness of the intermediate portion 21 Ob of the tubular member 
201 IS less than the wall thickness of the upper portion 21 Oo of the tubular member .n 
order to facilitate the inttiation of the radial expansion process. In a prefen-ed 
embodiment, the upper end portion 210d of the tubular member 210 is slotted 
perforated, or otherwise modified to catch or slow down the expansion cone 205 v«hen 
. itcompletestheexlmsionoftubularmember210.lnapreferredembodiment.wall 
thickness of the upper end portion 21 Od of the tubular member 21 0 is gradually tapered 

in orderto gradually reduce the required radial expansion forces during the latter 
stages of the radial expansion process. In this manner, shock loading conditions 
5 during the latter stages of the radial expansion process are at least minimized. 

A shoe 215 is coupled to the lower portion 21 Oa of the tubular member. The 
Shoe 215 includes an upper portion 215a. an Intemiediate portion 215b. and lower 
portion 215c having a valveable fluid passage 220 that is preferably adapted to receive 
a plug dart, or other similar element for controllably sealing the fluid passage 220. In 
20 this manner, the fluid passage 220 may be optimally sealed off by introducing a plug, 
dart and/or ball sealing elements into the fluid passage 220. 

The upper and lower portions. 215a and 215c. of the shoe 215 are preferably 
substanUally tubular, and the intemiediate portion 21 5b of the shoe is preferably at 
least partially folded inwardly. Furthemiore. in a preferred embodiment, when the 
25 intemiediate portion 215b of the shoe 215 is unfolded by the application of fluid 

pressure to the interior region 230 of the shoe, the inside and outside diameters of the 
intemiediate portion are preferably both greater than the Inside and outside diameters 
of the upper and lower portions. 215a and 215c. In this manner, the outer 
circumference of the intemiediate portion 215b of the shoe 215 Is preferably greater 
than the outside circumferences of the upper and lower portions. 215a and 215b. of the 
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shoe 



In a preferred embodiment, the shoe 215 further includes one or more through 
and side outlet ports in fluidic communication with the fluid passage 220. In this 
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• .^'^n.^sf' shoe 21 5 optimally injects hardenable fluidic sealing material into the 
iregrop outside the shoe 215 and tubular member 210. 

In an alternative embodiment, the flow passage 220 is omitted. 

A support member 225 having fluid passages 225a and 225b is coupled to the 
expansion cone 205 for supporting the apparatus 200. The fluid passage 225a is 
preferably fluididy coupled to the fluid passage 205a. In this manner, fluidic materials 
may be conveyed to and from the region 230 below the expansion cone 205 and above 
the bottom of the shoe 215. The fluid passage 225b is preferably fluididy coupled to 
the fluid passage 225a and includes a conventional control valve. In tWs manner, 
during placement of the apparatus 200 within the wellbore 100, surge pressures can be 
relieved by the fluid passage 225b. In a prefened erhbodiment, the support member 
225 further includes one or more conventional centralizers (not illustrated) to help 
stabilize the apparatus 200. 

During placement of the apparatus 200 within the wellbore 100, the fluid 
passage 225a is preferably selected to transport materials such as, for example, drilling 
mud or fbnmatlon fluids at flow rates and pressures ranging from about 0 to 1 1356.24 
litres/minute and 0 to 620.528 bar (0 to 3.000 gallons/minute and 0 to 9,000 psi) In 
order to minimize drag on the tubular member being run and to minimize surge 
pressures exerted on the wellbore 130 which could cause a loss of wellbore fluids and 
lead to hole collapse. During placement of the apparatus 200 within the wellbore 1 00, 
the fluid passage 225b is preferably selected to convey fluidic materials at flow rates 
and pressures ranging from about 0 to 1 1356.24 litres/minute and 0 to 620.528 bar (0 
to 3.000 gallons/minute and 0 to 9,000 psi) in order to reduce the drag on the 
apparatus 200 during insertion into the new section 130 of the wellbore 100 and to 
minimize surge pressures on the new wellbore secBon 130. 

A cup seal 235 is coupled to and supported by the support member 225. The 
cup seal 235 prevents foreign materials frt)m entering the interior region of the tubular 
member 210 adjacent to the expansion cone 205. The cup seal 235 may be any 
number of conventional commercially available cup seals such as, for example. TP 
cups, or Selective Injection Packer (SIP) cups modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the cup seal 235 is a 
SIP cup seal, available from Halliburton Energy Services in Dallas. TX in order to 
optimally block foreign material and contain a body of lubricant. In several altemative 
embodiments, the cup seal 235 may include a plurality of cup seals. 
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One or more sealing members 240 are preferably coupled to and supported by 
the exterior surface of the upper end portion 210d of the tubular member 210. The 
sealing members 240 preferably provide an overlapping joint between the lower end 
portion 115a of the casing 115 and the upper end portion 210d of the tubular member 
5 210 The sealing members 240 may be any number of conventional commercially 
available seals such as. for example, lead, mbber. Tefton<'^> . or epoxy seals modified 
in accordance with the teachings of the present disclosure. In a preferred embodiment, 
the sealing members 240 are molded from Stratalock epoxy available from Halliburton 
Energy Services in Dallas. TX in order to optimally provide a load bearing interference 
10 fit between the upper end portion 210d of the tubular member 210 and the lower end 
portion 1 1 5a of the existing casing 1 15. 

In a preferred embodiment, the sealing members 240 are selected to optimally 
provide a sufficient frictional force to support the expanded tubular member 210 from 
the existing casing 115. In a preferred embodiment, the frictional force optimally 
15 provided by the sealing members 240 ranges from about 0.478803 to 478.803 bar 
(1 .000 to 1 ,000.000 Ibf) in order to optimally support the expanded tubular member 
210. 

In an alternative embodiment, the sealing members 240 are Omitted from the 
upper end portion 210d of the tubular member 210. and a toad bearing metal-to^netal 

20 interference fit Is provided between upper end portion of the tubular member and the 
lower end portion 115a of the existing casing 1 15 by plastically deforming and radially 
expanding the tubular member into contact with the existing casing. 

In a preferred embodiment, a quantity of lubricant 245 is provided in the annular 
region above the expansion cone 205 within the interior of the tubular member 210. In 

25 this manner, the extrusion of the tubular member 210 off of the expansion cone 205 is 
facilitated. The lubricant 245 may be any number of conventional commercially 
available lubricants such as. for example. Lubriplate*'^) . chlorine based lubricants, oil 
based lubricants or Climax 1 500 Antisieze (3100). In a preferred embodiment, the 
lubricant 245 is Climax 1 500 Antisieze (3100) available from aiinax Lubricants and 

30 Equipment Co. in Houston. TX in order to optimally provide optimum lubrication to 
facilitate the expansion process. 

in a preferred embodiment, the support member 225 is thoroughly cleaned prior 
to assembly to the remaining portions of the apparatus 200. In this manner, the 
introduction of foreign material into the apparatus 200 is minimized. This minimizes the 
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possibility of foreign material clogging the various flov. passages and valves of the 
apparatus 200. 

In a preferred embodiment, before or after positioning the apparatus 200 within 
. . the new section 130 of the wellbore 100. a couple of wellbore volumes are drculated in 
. .°"ler to ensure that no foreign materials are located within the wellbore lOOthatmight 
; clog up the various flow passages and valves of the apparatus 200 and to ensure that 
no foreign material interferes with the expansion process. 

As illustrated in FIGS. 2 and 2e. in a preferred embodiment, during placement 
Of the apparatus 200 within the wellbore 100. fluidic materials 250 within the wellbore 
that are displaced by the apparatus are at least partially conveyed through the fluid 
passages 220, 205a. 225a. and 225b. In this manner, surge pressures created by the 
placement of the apparatus within the wellbore 100 are reduced. 

As illustrated in FIGS. 3. 3a. and 3b. the fluid passage 225b is then closed and 
a hardenable fluldic seaBng matedal 255 is then pumped from a surface location Into 
the fluid passages 225a and 205a. The material 265 then passes from the fluid 
passage 205a into the interior region 230 of the shoe 216 below the expansion cone 
205. The material 255 then passes from the Interior region 230 into the fluid passage 
220. -me material 255 then exits the apparatus 200 and fills an annular region 260 

betweentheexteriorofthetubularmember210andtheinteriorwallofthenewsecti^^ 
130 Of the wellbore 100. Continued pumping of the material 255 causes the material to 
fill up at least a portion of the annular region 260. 

The material 255 is preferably pumped into the annular region 260 at pressures 
and flow rates ranging, for example, from about 0 to 344.738 bar and 0 to 5618 12 
l.tres/min (0 to 5000 psi and 0 to 1 .500 gallons/mln). respecUvely. The optimum flow 
rate and operating pressures va^. as a function of the casing and wellbore sizes 
wellbore section length, available punnpir^ equipment, and fluid properties of the fluldic 
matenal be.ng pumped. The optimum flow rate and operating pressure are preferably 
determined using conventional empirical methods. 

The hardenabte fluldic sealing material 255 may be any number of conventional 

commercallyavailablehardenableflukUcsealing materials such as. for example slag 
moc cement . atex or epoxy.lnapreferredem^^^^^ 

matenal 55 .s a blended cement prepared spec^cal^ for the particular well section 
be.ng dr led from Halliburton Energy Ser^ces In Dallas. TX in order to provide op«mal 
support for tubular member2lOwhile also maintaining op«mum flow ci^racteri^^^^^^^ 



The op«mum blend of .he blended cement is preferably <.etem„>»d us,ng ""ventlona. 

material 255 is conpressible before, during, or after cunng. 

Tl« annular reg» KO preferably Is filled with tt,e material 255 in suffiaenl 
quantises to ensure that, upon radial expansion of the uibuiar member 21 0. th. annular 
^len260ofmenewsec.«.n130oftheweBb^100«i«'l«fl»«'«*"^«"»'«'^ 
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in an alternative embodiment, the injedion of the material 265 Into the annular 
0 ,^ton260isor™..e4 orlspro^dedafterthe radial expansion of the tubular member 

210 

■ AS -lustratedin FIGS. 4. 4a. and 4b. once the annular region 260 has been 
«,«^tely Bled * the material 255, a p-^ 265, or o.h« simBar device Is intrcduced 
WO the fluid passage 220. thereby fluldidy Isolating the interior region 230 frorn^e 
15 annularregion260. m a preferred embodUnent, a non-hardenable Ituidic matenal 270 
,sthenpu^pedwotheinten=rre9.on230causingtheinteriorreg,cn.op,»ssu,^. ,n 

this n.,.er. Ihe intertor region 230 o, the expanded tubular memb« 210 ~' 
.^ta*. signfflcan. amounts o, the cured notorial 255. This ateo reduces a™< s^ph^s 
the cost of the entire process. Alternatively, the matertai 255 may be used during th« 

20 phase of the process. ^ -^s^^s^nftf 

AS Blustialed in FIG. 5, In a preferred embodiment, the continued injectKm ct 

th, lluidic matena, 270 pressurizes the region 230 and unfolds tt» Wennediate p«^ 
2,5b of the Shoe 215. inapreferred embodiment the outside diameter of the unWded 

intermediate po,«on 215b of shoe 215 is greater than the outside diarneter the 
upper and lower portions, 215a and 215b. of the shoe. In a preferred embod»T«nt, tt« 
mswe and outside diameters of the unfokted intemtedlate portion 215b of the shoe 215 
are greater than the inside and outside diameters, respectively, of the upper and lower 
portions, 215a and 215b. o, Ihe shoe. In a preferred embodiment, the inside diameter 
of the unfolded intermediate portion 215b of the shoe 215 is substantiaily equal ^ or 
30 greater man the inside d-«meter of the preexisting casing 115 In order to optimally 
facilitate the formation ol a monoKilameterweilbore easing. 

As Illustrated in FIG. 6, In a preferod embodiment, the expansion cone 205 « 
then lowered into the unfolded mtemiedlate porticr215boftheshoe215.lna 
preferred embodiment, the expansion cone 205 is towered Into the unfolded 



25 



10 



O 0 f 

e 

e • 



• intermediate portion 215b of the shoe 215 until the bottom of the expansion cone Is 
, - -PfPximate the lower portion 21 5c of the shoe 215. In a preferred embodiment, during 
the lowering of the expansion cone 205 Into the unfolded Intermediate portion 215b of 
. tfie shoe 21 5. the material 255 within the annular region 260 and/or the bottom of the 
5- wellbore section 130 maintains the shoe 215 in a substantially stationary position. 
■ : As illustrated In FIG. 7. in a preferred embodiment, the outside diameter of the 
expansion cone 205 Is then increased. In a preferred embodiment, the outside 
diameter of the expansion cone 205 is increased as disclosed In U.S. patent nos. 
: ; 5.348.095. and/or 6.01 2.623. in a preferred embodiment, the outside diameter of the 
10. . radially expanded expansion cone 205 is substantially equal to the inside diameter of 
the preexisting wellbore casing 115. 

In an alternative embodiment, the expansion cone 205 Is not lowered into the 
radially expanded portion of the shoe 215 prior to being radially expanded. In this 
manner, the upper portion 210c of the shoe 210 may be radially expanded by the radial 
15 expansion of the expansion cone 205. 

In another alternative embodiment, the expansion cone 205 Is not radially 
expanded. 

As illustrated In FIG. 8. In a preferred embodiment, a fluldic material 275 is then 
injected into the region 230 through the fluid passages 225a and 205a. In a preferred 
embodiment, once the Interior region 230 become sufficiently pressurized, the upper 
portion 215a of the shoe 215 and the tubular member 210 are preferably plastically 
defonmed. radially expanded, and extruded off of the expansion cone 205. 
Furthemiore. in a preferred embodiment, during the end of the radial expansion 
process, the upper portion 210d of the tubular member and the lower portion of the 
preexisting casing 1 15 that overiap with one another are simultaneously plastically 
defomied and radially expanded. In this manner, a mono^iameter wellbore casing 
may be fomied that Includes the preexisting wellbore casing 115 and the radially 
expanded tubular member 210. 

During the extrusion process, the expansion cone 205 may be raised out of the 
expanded portion of the tubular member 210. In a preferred embodiment, during the 
extrusion process, the expansion cone 205 is raised at approximately the same rate as 
the tubular member 21 0 is expanded in order to keep the tubular member 210 
stationary relative to the new wellbore section 130. In this manner, an overiapping Joint 
between the radially expanded tubular member 210 and the lower portion of the 
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preexisting casing 1 1 5 may be optimally fomied. In an altemative preferred 
embodiment, the expansion cone 205 is maintained in a stationary position during the 
extrusion process thereby allowing the tubular member 210 to extrude off of the 
expansion cone 205 and into the new weilbore section 130 under the force of gravity 
5 and the operating pressure of the interior region 230. 

In a preferred embodiment, when the upper end portion 210d of the tubular 
member 210 and the lower portion of the preexisting casing 1 15 that overlap vwith one 
another are plastically deformed and radially expanded by the expansion cone 205. the 
expansion cone 205 is displaced out of the weilbore 100 by both the operating 
10 pressure within the region 230 and a upwardly directed axial force applied to the 
tubular support member 225. 

The overlapping joint between the lower portion of the preexisting casing 115 
and the radially expanded tubular member 210 preferably provides a gaseous and 
fluidic seal. In a particulariy preferred embodiment, the sealing members 245 optimally 
1 5 provide a fluidic and gaseous seal in the overiapping joint. In an alternative 
embodiment, the sealing members 245 are omitted. 

In a preferred embodiment, the operating pressure and flow rate of the fluidic 
material 275 is controllably ramped down when the expansion cone 205 reaches the 
upper end portion 21 Od of the tubular member 210. In this manner, the sudden release 
20 of pressure caused by the complete extrusion of the tubular member 21 0 off of the 
expansion cone 205 can be minimized. In a preferred embodiment, the operating 
pressure is reduced in a substantially linear fashion from 100% to about 10% during 
the end of the extrusion process beginning when the expansion cone 205 is within 
about 5 feet from completion of the extrusion process. 
25 Alternatively, or in combination, the wall thickness of the upper end portion 

210d of the tubular member is tapered in order to gradually reduce the required 
operating pressure for plastically deforming and radially expanding the upper end 
portion of the tubular member. In this manner, shock loading of the apparatus is at 
least reduced. 

30 Alternatively, or in combination, a shock absorber is provWed in the support 

member 225 in order to absorb the shock caused by the sudden release of pressure. 
The shock absorber may comprise, for example, any conventional commercially 
available shock absorber, bumper sub, or jars adapted for use in weilbore operations. 
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Alternatively, or In combination, an expansion cone catching structure Is 
provided in the upper end portion 210d of the tubular member 21 0 in order to catch or 
at least decelerate the expansion cone 205. 

In a preferred embodiment, the apparatus 200 is adapted to minimize tensile. 

. burst, and friction effectsuponthetubularmember210during the expansion process. 
These effects will be depend upon the geometry of the expansion cone 205. the 

materialcompositionof the tubular member 210 and expansion cone 205. the inner 
diameter of the tubular member 210. the wall thickness of the tubular member 21 0. the 
typeoflubricant.andtheyieldstrengthofthetubularmember210. In general, the 
thicker the wall thickness, the smaller the inner diameter, and the greater the yield 
strength of the tubular member 210. then the greater the operating pressures required 
to extrude the tubular member 210 off of the expansion cone 205, 

For typical tubular members 210. the extnision of the tubular member 21 0 off of 
the expansion cone 205 will begin when the pressure of the interior region 230 
reaches, for example, approximately 34.47 to 620.53 bar (500 to 9,000 psi). 

During the extrusion process, the expansion cone 205 may be raised out of the 

expandedportionoflhetubularmember210atratesranging.forexample. fromabout 
0 to 1 .524 metres/sec (0 to 5 ft/sec). In a preferred embodiment, during the extrusion 
process, the expansion cone 205 is raised out of the expanded portion of the tubular 
member 210 at rates ranging from about 0 to 0.6096 metres/sec {0 to 2 ft/sec) in order 
to minimize the time required for the expansion process while also permitting easy 
control of the expansion process. 

As Illustrated in FIG. 9. once the extrusion process Is completed, the expansion 
cone 205 Is removed from the wellboie 100. In a preferred embodiment, either before 
or after the removal of the expansion cone 205. the Integrity of the fluidic seal of the 
overlapping joint between the upper end portion 210d of the tubular member 210 and 
the lower end portion 1 15a of the preexisting wellbore casing 1 15 Is tested using 
conventional methods. 

In a preferred embodiment, if the fluidic seal of the overlapping joint betv^een 

the upper end portion 210d of the tubularmember210and the lower end portion 115a 
of the casing 1 1 5 Is satisfactory, then any uncured portion of the material 255 v^ithin the 
expanded tubular member 210 is then removed in a conventional manner such as for 
example, circulating the uncured material out of the interior of the expanded tubular 
member210. The expansion cone 205 is then pulled out of the wellbore section 130 



and a drill bit or mill is used in combination with a conventional drilling assembly to dnll 
out any hardened material 255 within the tubular member 210. In a preferred 
embodiment, the material 255 within the annular region 260 is then allowed to fully 
cure. 

5 As illustrated in FIG. 10. the bottom portion 215c of the shoe 21 5 may then be 

removed by drilling out the bottom portion of the shoe using conventional drilling 
methods. The wellbore 100 may then be extended in a conventional manner using a 
conventional drilling assembly In a preferred embodiment, the inside diameter of the 
extended portion of the wellbore 100 is greater than the inside diameter of the radially 

10 expanded shoe 215. 

As illustrated in FIG. 11. the method of FIGS. 1-10 may be repeatedly 
perfomied in order to provide a monoKliameter wellbore casing that includes 
overiapping wellbore casings 115 and 210a-210e. The wellbore casing 115. and 210a- 
210e preferably include outer annular layers of fluidic sealing material. Alternatively. 
15 the outer annular layers of fluidic sealing material may be omitted. In this manner, a 
mono^iameter wellbore casing may be fomned within the subterranean fonmatlon that 
extends for thousands of meUes (tens of thousands of feet). More generally still, the 
teachings of FIGS. 1-1 1 may be used to forni a mono-diameter wellbore casing, a 
pipeline, a structural support, or a tunnel within a subterranean fonnation at any 
20 orientation from the vertical to the horizontal. 

Referring to FIGS. 12. 12a. 12b, 12c, and 12d. in an alternative embodiment, an 
apparatus 300 for fomiing a mono-diameter wellbore casing is positioned within the 
wellbore casing 115 that is substantiaUy identical in design and operation to the 
apparatus 200 except that a shoe 305 is substituted for the shoe 21 5. 
25 In a preferred embodiment, the shoe 305 includes an upper portion 305a, an 

intemiediate portion 305b. and a tower portion 305c having a valveable fluid passage 
31 0 that is preferably adapted to receive a plug. dart, or other similar element for 
controllably sealing the fluid passage 310. In this manner, the fluid passage 310 may 
be optimally sealed off by introducing a plug, dart and/or ball sealing elements Into the 

30 fluid passage 310. 

The upper and lower portions. 305a and 305c, of the shoe 305 are preferably 
substantially tubular, and the intemiediate portion 305b of the shoe includes 
corrugations 305ba-305bh. Furthennore. in a preferred embodiment, when the 
intermediate portion 305b of the shoe 305 is radially expanded by the application of 
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- ■fluid pressure to the Interior 315 of the shoe 305. the inside and outside diameters of 
. ;ihe radialiy expanded intermediate portion are preferably both greater than the Inside 
and outside diameters of the upper and lower portions. 305a and 305c. In this manner 
^ ; the outer circumference of the Intem^ediate portion 305b of the shoe 305 is preferably ' 

5 :9«^terthantheoutercircumferencesof theupperandlowerport^^^ 

.Of the Shoe. 

ha preferred embodlmant. the shoe 305 ft^ther Includes one or more Ihrough 

""wteouuet ports in fluidic communication wHh the Buld passage 310 In this 
^: manner, the shoe 305 optimally injects hardenable fluidlc sealing mateHal Into the 
10; resrai outside the shoe 305 and tubular memlier 210. 

In an altemative embodiment, the flow passage 310 is omitted, 
m a preferred embodiment, as illustrated In FIGS. 12 and 12d during 
placement o. the apparatus 300 within the wellbore 100. fluidlc materials 250 wimin the 
16 ^"^^"tr """"^ apparatus are convey^ through the fluid passages 
310. 205a. 225* and 225b.. In this manner, su^ pressures OBated by the pUcement 
oftheapparatuswnwnthewellbore lOOare reduced. 

in a preferred embodiment, as Illustrated In FIG. 13 and 13a, the fluid passage 
225b « then dosed and a hardenable fluidlc sealing matedal 255 is then pumped from 
a surface locaBon into the fluid passages 225a a«. 205a. The material 255 then 
pa«es from the fluid passage 205a into the intedor -Bgion 315 of the shoe 305 below 
the expansion cone 205 The material 255 then passes f™m the interior region 315 
«to , e fluid passage 310. The material 255 then exits the apparatus 300and fills the 

"^^n^seconiaocthewellboreioo. Con.nuedpumpi,^of„emat.nal265 
causes the malerfal to fill up at leasi a porSon of the annular region 260 

^ ^ » P^'erably pumped into the annular region 260 at pressures 

and o» rates ranging, for example, from abom 0 to 344.736 bar and 0 to 5618 12 

'° f °° '-^O 9^"°"="*). -pective,. The o^um flow 

rate and operalrng pressures vary as a function of the casing and wellbore sizes 

TatlTr*" 0, Ihe' nuidfe 

m .enal be^rg pumped. The optimum flow rate and operating pressure are preferably 
delem„ned using conventional emplricaf methods. 

The hardenable fluidlc sealing material 255 may be any number of conventional 
commercia,, available hardenable «uidic sealing materia, such as. fer exZ^T 
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mix. cement, latex or epoxy. In a preferred embodiment, the hardenable fluidic sealing 
material 255 is a blended cement prepared specifically for the particular well section 
being drilled from Halliburton Energy Services in Dallas, TX in order to provide optimal 
support for tubular member 210 while also maintaining optimum flow characteristics so 

5 as to minimize difficulties during the displacement of cement in the annular region 260. 
The optimum blend of the blended cement is preferably detennined using conventional 
empirical methods. In several alternative embodiments, the hardenable fluidic sealing 
material 255 is compressible before, during, or after curing. 

The annular region 260 preferably is filled with the material 255 in sufficient 

10 quantities to ensure that, upon radial expansion of the UJbular member 210. the annular 
region 260 of the new section 130 of the wellbore 100 will be filled with the material 
255. 

In an alternative embodiment, the injection of the material 255 into the annular 
region 260 is omitted. 

15 As illustrated in FIGS. 14 and 14a, once the annular region 260 has been 

adequately filled with the material 255. a plug 265, or other similar device, is introduced 
into the fluid passage 310. thereby fluidicly isolating the interior region 315 from the 
annular region 260. In a preferred embodiment, a non-hardenablefliadic material 270 
is then pumped into the interior region 315 causing the interior region to pressurize. In 
20 this manner, the interior region 31 5 will not contain significant amounts of the cured 
material 255. This also reduces and simplifies the cost of the entire process. 
Alternatively, the material 255 may be used during this phase of the process. 

As illustrated in FIG. 15, in a preferred embodiment, the continued injection of 
the fluidic material 270 pressurizes the region 315 and unfolds the conrugatlons 305ba- 
25 305bh of the intermediate portion 305b of the shoe 305. In a preferred embodiment, 
the outside diameter of the unfolded intermediate portion 305b of the shoe 305 is 
greater than the outside diarr»ter of the upper and lower portions. 305a and 305b, of 
the shoe. In a prefened embodiment, the inside and outside diameters of the unfolded 
intemiediate portion 305b of the shoe 305 are greater than the inside and outside 
30 diameters, respectively, of the upper and lower portions, 305a and 305b, of the shoe. 
In a prefened embodiment, the inside diameter of the unfolded intennediate portion 
305b of the shoe 305 Is substantially equal to or greater than the inside diameter of the 
preexisting casing 305 in order to optimize the formation of a mono-diameter wellbore 
casing. 
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, .: . :. As illustrated in FIG. 16. in a preferred embodiment, the expansion cone 205 Is 
: . .th^n lowered into the unfolded intermediate portion 305b of the shoe 305. In a 
. ; preferred embodiment, the expansion cone 205 is lowered Into the unfolded 
, ; intermediate portion 305b of the shoe 305 until the bottom of the expansion cone is 
.5 Prox.matethelowerporton305coftheshoe305. In a preferred embodiment, during 
the lo^venng of the expansion cone 205 into the unfolded Intemiediate portion 305b of 
the shoe 305. the material 255 within the annular region 260 maintains the shoe 305 In 
a substantially stationary position. 
. As Illustrated in FIG. 17. In a preferred embodiment, the outside diameter of the 

10 e'^Pansion cone 205 is then Increased. In a preferred embodiment, the outside 
diameter of the expansion cone 205 is increased as disclosed In U.S. patent nos 
5.348.095. and/or 6.012.523. In a preferred embodiment, the outside diameter of the 
radially expanded expansion cone 205 Is substantially equal to the inside diameter of 
the preexisting weilbore casing 1 15. 

15 In an alternative embodiment, the expansion cone 205 is not lowered into the 

radially expanded portion of the shoe 305 prior tobeing radially expanded In this 
manner, the upper portion 305c of the shoe 305 may be radially expanded by the radial 
expansion of the expansion cone 205. 

In another alternative embodiment, the expansion cone 205 is not radially 
expanded. 

As Illustrated In FIG. 18, In a prefared embodiment, a fUdic n«lerlal 275 is 
then injected into the region 315 ll«ught««uid passages 225a and 205e In a 
Preferred eml»dlment. once «» interior region 315 t>econ»s sufHoiently pressurized 
the upper portion 305a of the shoe 305 end ll» tulHto member 210 are preferably ' 
Plas^lly defom«d. radWy exparxled, and exta«led olT of the expansion cone 205 

Furthermore, in a prefened embodlm»«. during ll» end of ft. radial expansion 
process, the upper portion 21 Od of the tAular member end the lo»er portion of the 
preexisting casing 115««tov«l8p with «e another a,Bsimultan«,u,lyptastically 

deformed and radially expand*., in thB™„„er.amon«ilameterwe«bor.casl4 
™y be fon^d that Includes the preexisting «e.bo™ «,ing 1 15 and *» radially 

expanded tubular member 21 0. 

J'T^ '"^ cone 205 may be raised out of the 

emended portion of the*,bularn»*er210. In a pressed emboCmem. during thr 
ext^sron process, the expanse c»e 205 . «.ed at approximetely the same I as 



the tubular member 210 is expanded in order to keep the tubular member 210 
stationary relative to the new wellbore section 130. In this manner, an overlapping joint 
between the radially expanded tubular member 210 and the lower portion of the 
preexisting casing 115 may be optimally fomied. In an alternative prefen-ed 

5 embodiment, the expansion cone 205 is maintained in a stationary position during the 
extrusion process thereby allowing the tubular member 210 to extrude off of the 
expansion cone 205 and into the new wellbore section 130 under the force of gravity 
and the operating pressure of the interior region 230. 

In a prefen-ed embodiment, when the upper end portion 21 Od of the tubular 

10 member 210 and the lower portion of the preexisting casing 1 1 5 that overlap with one 
another are plastically deformed and radially expanded by the expansion cone 205, the 
expansion cone 205 is displaced out of the wellbore 100 by both the operating 
pressure within the region 230 and a upwardly directed axial force applied to the 
tubular support member 225. 

15 The overlapping joint between the lower portion of the preexisting casing 1 1 5 

and the radially expanded tubular member 210 preferably provides a gaseous and 
fluidic seal, in a particularly preferred embodiment, the sealing members 245 optimally 
provide a fluidic and gaseous seal in the overlapping joint. In an alternative 
embodiment, the sealing members 245 are omitted. 

20 In a preferred embodiment, the operating pressure and flow rate of the fluidic 

material 275 is controllably ramped down when the expansion cone 205 reaches the 
upper end portion 210d of the tubular member 210. In this manner, the sudden release 
of pressure caused by the complete extrusion of the tubular member 21 0 off of the 
expansion cone 205 can be minimized. In a preferred embodiment, the operating 

25 pressure is reduced in a substantially linear fashion from 100% to about 10% during 
the end of the extrusion process beginning when the expansion cone 205 is within 
about 1 .524 metres (5 feet) from completion of the extrusion process. 

Alternatively, or in combination, the wan thickness of the upper end portion 
21 Od of the tubular member is tapered in order to gradually reduce the required 

30 operating pressure for plastically deforming and radially expanding the upper end 

portion of the tubular member. In this manner, shock loading of the apparatus may be 
at least partially minimized. 

Alternatively, or in combinatton, a shock absorber is provided in the support 
member 225 in order to absorb the shock caused by the sudden release of pressure. 
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^he^ absort«r may comprise, for example, any conventional conm«fcially 
- .ayailaMe shock absoifcer adapted for use In wellbore operations. 
■ : Alternatively, or in combination, an expansion cone catching structure is 

. , jxovided m the upper end portion 21 Od of «« tubular member 21 0 in order to catch or 
5 "least decelerate the expansion cone 205. 

, In a preferred embodiment, the apparatus 200 Is adapted to minimize tensile 
btm and fHotion effects upon the tubular „^ 21 0 during the expansion process 

be depend upon the geometry of the expansion ccne 205 the 
material compositlcn cf the tubular member 210 and expansion cone 205. the inner 
1.0; ^arne^er Of the tubu^r member 210. the «a.i thlcKness o, the tubular member 2,0 the 
Of K-bricant and the yield strength of the tubular member 210. in gene^. the 
^arthe^,thickness. the smaller the inner d^meter.and the greater theyieid 

merrr^''"' P-eu,es,e,ui«d 
lo«*ud. the tubular member210 off of the expansion cone 205 

^J°"^'^'^'^^^0. theextmsionof me tubular member 21 Odf of 
lt» expanse cone 205 will begin when the p^ssure of the interior reg,on 230 
reaches, tor example, approximalely 34.47 to 620.53 bar (500 to 9 000 psi) 

During the extmsion process, the expansion cone 205 may be raised out of »« 

20 Z:ZT:"lr ^'"^•'o-xa-^.e.fromabo!^ 

'"^ «>^^em. during the extnus^ 
P™^. expans.cn cone 205 Is mised out of the expanded person of the tubu^r 
^rnber 210 at rates ranging ftom about 0 to 0.6006 metres/sec (0 to 2 fVsec, ntter 
^e the .me regulred ,6r the expansion process ^ also penh.t«ng asy 
control Of the expansion process. 

25 As tetrated h FIG. ,9. once the extrusion process is con^teted. the 

»P27«-f ''■^""vedfromthewellboreioo. In a prefened embodiment 

Toft "h *^"*" "~ '"'^ o' ^ «u«« 

To 1 end pofSon 210d Of the L^r nJle, 

^'°"«^^'°-re™,porticn,15aof,hep„exis«nflwellbo,ecaslng1,5,s~ 
0 "smgconventlonai methods 8"i=istested 



example, circulating the uncured material out of the interior of the expanded tubular 
member 210. The expansion cone 205 Is then pulled out of the wellbore section 130 
and a drill bit or mill is used in combination with a conventional drilling assembly to drill 
out any hardened material 255 within the tubular member 210. In a preferred 
*5 embodiment, the material 255 within the annular region 260 is then allowed to fully 
cure. 

As Illustrated in FIG. 20. the bottom portion 305c of the shoe 305 may then be 
removed by drilling out the bottom portion of the shoe using conventional drilling 
methods. The wellbore 100 may then be extended in a conventional manner using a 
10 conventional drilling assembly. In a preferred embodiment, the inside diameter of the 
extended portion of the wellbore Is greater than the inside diameter of the radially 
expanded shoe 305. 

The method of FIGS. 12-20 may be repeatedly performed in order to provide a 
mono-diameter wellbore casing that includes overiapping wellbore casings. The 
15 overiapping wellbore casing preferably include outer annular layers of fluidic sealing 
material. Altematlvely. the outer annular layers of fluidic sealing material may be 
omitted. In this manner, a mono-diameter wellbore casing may be fonned within the 
subterranean fonnation that extends for thousands of metres (tens of thousands of 
feet). More generally still, the teachings of FIGS. 12-20 may be used to form a mono- 
20 diameter wellbore casing, a pipeline, a structural support, or a tunnel within a 
subterranean formation at any orientation from the vertical to the horizontal. 

In several alternative embodiments, the apparatus 200 and 300 are used to 
form and/or repair wellbore casings, pipelines, and/or stmctural supports. 

In several alternative embodiments, the folded geometries of the shoes 215 and 
25 305 are provided in accordance with the teachings of U.S. Patent Nos. 5,425,559 
andyor 5,794,702. 

Although illustrative embodiments of the Invention have been shown and 
described, a wide range of modification, changes and substitution is contemplated in 
the foregoing disclosure within the scope of the claims. 

30 
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The tubufar structure of claim 1 whe«»in 
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7. The tubular stajcture of claim 6, wherein the process further comprises: 
overlapping a portion of the radially expanded second tubular member with 

portion of the first tubular member, 

5 

8. The tubular structure of claim 7. wherein the inside diameter of the radially 
expanded second tubular member is substantially equal to the inside diameter of 
nonoverlapping portion of the first tubular member. 

10 9. The tubular structure of daim 6, wherein the process further comprises: 
applying an axial force to the expansion cone. 

10. The tubular structure of claim 1 , wherein the inside diameter of the radially 
expanded shoe is greater than or substantially equal to the inside diameter of th< 
15 radially expanded second tubular member. 
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